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‘ABSTRACT 


337// 

Data from Gallus Domesticus are presented shoving the relationship 
between uterine pH and time post -oviposit ion. The data suggest that 
uterine pH is associated with certain periods of uterine activity. A 
Fourier analysis, a periodogram, and a correlogram all indicate a cyclic 
phenomenon; furthermore, the correlogram indicates the pH cycle to be 
endodiurnal . 



VARIATIONS OF INTRAUTERINE pH WITHIN A 

CIRCADIAN RHYTHM 
(Gallus Domesticus) 

C. M. Winget,* C. A. Mepham, and E. G. Averkin** 

Many physiological rhythms of 24 -hour duration have been established 
in class Aves. Activity rhythms (l) and oxygen consumption rhythms ( 2 ) 
for both the adult and the developing embryo have been reported* Simpson 
and Galbraith (24) have shown that the body temperature rhythm normally 
follows the activity rhythm. Heart rate (lp), erythrocyte number (8 ) ) 
rate of feather growth (12) ana mitosis in the testes all exhibit a 24- 
hour cyclic pattern in Gallus Domesticus . 

The cycle of ovulation to oviposition in the domestic fowl is the 
best established of all Circadian rhythms in birds (l8). Both ovulation 
and oviposition take place during the light phase of the cycle while the 
release of the ovulatory hormone (LH) occurs during the hours of darkness. 
A neurohumoral system with afferent neurons originating in the reproduc- 
tive tract is known to inhibit the release of LH (10) . Other neural 
stimuli (i.e., time of feeding, temperature, and sound levels) may have 
regulatory effects on this Circadian rhythm. The influence of light on 
avian gonadal activity and other hormones is also discussed in detail by 
Wolfson (33). 

The present study was conducted to evaluate pH changes in the uterus 
of the female reproductive tract at specific times during an established 
Circadian rhythm and to correlate these changes to known neural and 
endocrine activities . 


■^Environmental Biology Division 
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METHODS 


S. C. white leghorn females approximately Ik months of age were used 
in these experiments. The animals were kept in individual cages equipped 
with an oviposition timing mechanism (Fig. l) . The birds were maintained 
at a constant environmental temperature (l8° C ±0.5°) on It hours of 
light, and received feed and water ad libitum. 

The pH of the uterus was measured by means of a specially adapted 
electrode (Radiometer GK2021C) to fit into a plastic egg (Fig. 2). A 
second set of electrodes ’ (Radiometer KtOO and G200C) was used to stand- 
ardize the equipment at specific time periods. All pH values were 
obtained on a Radiometer, pH Meter 22, with external meter, type PHA621 
which enables direct readings of better than 0.005 pH units. 

The placement of the electrodes into the uterus was accomplished 
with relative ease. The orifice was first located and palpated with the 
right forefinger, followed by emplacement of the plastic egg and elec- 
trodes. To maintain proper electrode positioning the bird was restrained. 
In those cases where the electrode was forced out of the uterus by the 
bird or calcium was deposited over the electrode, the recorded readings 
were omitted. 

Observations were made throughout the ovulatory Circadian rhythm at 
15-minute Intervals starting at the time of oviposition. Hourly averages 
and variances were determined. The data were further evaluated by the 
Fourier series, the Schuster periodogram, and the correlogram methods. 

The Fourier series was used as a method for variable separation (7> 3)* 



A periodogram using Schuster *s (22) technique was constructed from the data. 
Serial correlations were calculated for the 24-hour data (ll) . The pH term 
was used in all computations rather than hydrogen ion concentration since 
the former has been shown to be most reliable and useful ( 31 , 23 ). 

RESULTS 


The changes in the pH of the avian uteri studied are indicated by 
the circled points in Fig. 3 and the data in Table 1. The pH changes 
were recorded for a 24-hour period immediately after oviposition. These 
are the results of 32 experiments in which the pH changes following ovi- 
position were observed. The data in Table 1 consist of the mean pH 
values per hour post-oviposition. A 12-term Fourier series passing through 
the 24 mean hourly observations was calculated. See Fig. 3 (broken line) 
and Table 5 for a listing of the estimated coefficients. A Fourier series 


consisting of the first six successive terms in Table 5 was evaluated and 
plotted (see Fig. 3; smooth line). The mean square error resulting from 
this approximation was of the order of 0.01 pH units. The 24 mean hourly 
observations were further reduced to 12 values, each representing a 2-hour 
period (Table 2) . 

The first three successive terms of the Fourier were evaluated 
separately and plotted (Fig. 4j the smooth line representing the first 
term, the broken line, the second term, and the dotted, the third term) . 


The range of the first Fourier term was approximately 0.13 pH units and 
it achieved its maximum at approximately 14*7 hours post-oviposition. 


Kext, the 24 mean hourly observations and also the resultant 12 two- 
hour-period points were analyzed utilizing a periodogram constructed by 
the method of Schuster ( 22 ). See Fig. 5 for the periodogram utilizing 
the 24 mean hourly values (solid line) and for the periodogram utilizing 
the 12 two-hour period values (broken line) . Both periodograms indicate 
a period with an approximate length of 21 hours and an amplitude of about 
0.07 pH units (see Table 3 for the results of the computations) . 

The data were analyzed in a third manner using serial correlation 
(see Fig. 6 and Table 4). It appears that this Is a correlogram of a 
series of harmonic terms, since it does not vanish nor is it dampened. 

The absolute pH values (7*2 to 7*6) reported herein agree with the 
values for the egg albumen from the uterus mucosa ( 7*3 to 7 * 5 ) reported 
by Buckner and Martin (5)* These values are only slightly lower than 

m 

those recently reported by Ogasawara ( 19 )* However, there is poor agree- 
ment with the uterine mucosal scrapings (pH 5*3 to 6.4) reported by Buckner 
and Martin. The lower pH values in the latter case may be due to a release 
of intracellular fluids during the mucosal preparations. The uterus was 
observed to be basic throughout the experimental period reported herein; 
whereas, Sturkie ( 25 ) states that the uterus of sexually mature females 
is in the vicinity of pH 5*8. 

DISCUSSIOH 

The developing egg enters the uterus approximately 4 hours after 
oviposition. During the early parts of this period, water is transferred 
to the egg; after 5 hours shell mineralization starts and proceeds at a 


constant rate (4) . During this time the pH was observed to have three 
maxima and three minima. The first of these three maximal pH values 
coincides with: l) the onset of calcium deposition in the uterus (6); 

2) maximum plasma calcium levels (32); 3) minimum plasma phosphate levels 
(unpublished data); and 4) approximate time of LH release (28) . The final 
maximum pH occurs approximately when blood calcium is at a minimum (32) . 
Minimal pH values during mineralization are observed to coincide with the 
time when Tanaka (26) has reported cholinesterase activity to be at max- 
imum in the diencephalon. The data do not, however, establish a causal 
relationship between uterine pH and the mechanisms mentioned, but they 
do indicate a dynamic hydrogen ion concentration in the uterus of the 
bird. The biological implications of this diurnal variation in uterine 
pH, as a function of time post-oviposition, are by no means clear. 

Furthermore, a constant pH is not maintained during that period 
(0-4 hours post-oviposition) prior to the movement of the egg into the 
uterus. Again, the mechanisms responsible for these changes are not 
obvious from the data presented herein; however, the maximum pH does coin- 
cide with time of egg engulfment and low diencephalon cholinesterase activ- 
ities as reported by Tanaka (27)* This period of metabolic activity 
required to move large amounts of salt and water into the uterus could 
result in a lowered pH. 

From these results a mechanism more complex than a simple pH shift 
appears to be responsible for the movement of calcium across the uterine 
membranes. The three pH changes which have been shown in the same time 
period that Burmester (6) demonstrated constant calcium deposition; 


6 


therefore, this would indicate that pH shift has a minimal effect on the 
movement of calcium across the uterine wall. A previous study ( 32 ) on 
the efficiency of calcium removal also suggests a mechanism for calcium 
transport more involved than simple pH shifts. In other complex systems, 
such as the gut, where calcium moves across several cellular barriers at 
approximately equal efficiency to that of the uterus it is reported ( 17 ) 
that pH shifts have only a slight effect on the movement of calcium across 
the gut wall . 


A close relationship between decreasing pH values and possible sperm 
viability in the female is suggested. It is noteworthy that the pH remains 
at a minimum during the period when sperm are most likely to be traversing 
the uterus. This observed minimum pH (7*2p) is very close to the values 
of cock semen reported by others ( 20 , 29 ) • Therefore, the data suggest 
optimal uterine pH for the depositing of the semen. The data of Wilcox 
and Shaffner ( 30 ) would indicate that approximately 25 percent of the cock 
sperm will have lost their motility at this pH. In rats, it has been 
shown that matings occur immediately before or after maximum vaginal pH 
values ( 13 ). 

These results which show a decrease in pH followed by a rapid increase 
(10 - 24 hours) have been found to proceed at fairly uniform rates. These 


tions which cause rotation of the egg in the uterus as shown by others 


(21, 4) . It is well known that the length of muscle is dependent on pH 
(16) and that in the rabbit, uterine muscle tone is maximal between pH 7 
and 8 (l4). Furthermore, Horne ( 9 ) has shown that sperm migration in the 
human female is dependent on cornual musculature contraction. 
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The harmonics of The Fourier response curve do not suggest an easily 
explainable timing mechanism. For example, harmonics 2 and 3 (see Table 2 
and Fig. 4) do not indicate a clear timing mechanism as far as uterine pH 
is concerned. However, harmonic 1 does suggest a timing mechanism of 
approximately 24-hour duration. Harmonic 1 appears to reflect fairly 
closely the movement of the ovum down the oviduct. The data suggest 
that Fourier analysis can be used as a tool for studying the mechanisms 
of biologic responses . 

Although the periodogram and correlogram are often useful in data 
interpretation, in this instance they did not indicate any new mechanism. 
The correlogram does indicate that the Ph of the uterus is cyclic and 
endodiurnal. The periodogram confirms that the uterine pH is cyclic and 
suggests a major cycle with at least one and possibly two minor cycles. . 

SUMMARY 

The intrauterine pH of the sexually mature bird appears to fluctuate 
diurnally . The changes in pH during mineralization would suggest a more 
complex mechanism responsible for the movement of calcium from the plasma 
to the uterus. The increase in intrauterine pH during the period of 
active salt and water transport may indicate pH is important in this 
mechanism. 

The Fourier series, periodogram, and correlogram methods all indicate 
that intrauterine pH is cyclic. Furthermore, the correlogram suggests that 
the cycle is endodiurnal. 



REFERENCES 


1. Aschoff, J. Aktivitatsperiodik bei Gimpeln unter natur lichen und 
kunstlichen Belichtungsverhaltnissen. Z. Vergl. Physiol. 35: 

159, 1953- 

2. Bacq, Z. M. Sur 1 'existence d’un rhythme nycthemeral de metabolisme 

chez le coq. Ann. Physiol. yQ: 497, 1929* 

3 - Bliss, C. I. Periodic regression in biology and climatology. The 
Cohn . Agr . Exp . Stat . Bull . 0 I 5 , 1958- 

4. Bradfiela, J. R. G. Radiographic studies on the formation of the 

hen’s egg shell. J. Exp. Biol. 28: 125, 1951* 

5 . Buckner, C-. D., and H. Martin. The hydrogen ion concentration of 

the reproductive organs of the white Leghorn chicken. Am. J. Physiol. 

89 : 164 , I 929 . 

6 . Burmester, B. R. A study of the physical and chemical changes of 

the egg during its passage through the isthmus and uterus of the 
hen’s oviduct. J. Exp. Zool. 84: 445, 19^0* 

7 . Defares, J. C-., and I. N. Sneddon. The mathematics of medicine and 

biology. Chicago: The Year Book Publishers, Inc., i 960 , p. 5^7* 

8 . Donrn, L. V., and E. Taber. Endocrine factors cox: trolling erythrocyte 

concentration in the blood of the domestic fowl. Zool . 19- 258 , 194 

9 . Horne, W. H., and C. G. Casey. Sperm migration in the human female ’ 

reproductive tract. Fort, ana Steril. 14: 626 , 1963 * 

10. Huston, T. M., and A. V. Kalbandov. Neuro-humoral control of the 
pituitary in the fowl. Endocrinology . 52: 149, 1953* 



9 


• Y 

11. Kendall, M. G. The advanced theory of statistics. Vol. II. Third 

edition. Hew York: Hafner Pub. Co., 1951* 

12. Lillie, F. R., and H. Wang. Physiology of development of the feather. 
The diurnal curve of growth in the brown Leghorn fowl. Proc. Wat. 

Acad. Sci. y U. S. 26: 67, 1940. 

13. Lipkows, J. Der sexualzyklus und die vasserstoff ionenkonzentration 
in der scheide der weissen mans (lias musculus L.). Z. Vergl. Physiol. 

40: 593 , 1956- 

14. Magee, H. E., and C. Reid. Studies on the movements of the alimentary 

canal. J. Physiol. 63 : 97, 1927- 

Ip. McNally, E. H. Heart rate in the domestic fowl. Poultry Sci. 20: 

266, 1941. 

16. McSwiney, B. A., and W. H. Newton. Further observations on the 
reaction of smooth muscle to the hydrogen ion concentration. 

J. Physiol. 64: 144, 1927* 

17. Mraz, F. R. Intestinal absorption of Ca-45 and Sr-8p as affected 
by the alkaline earths and pH. Proc. Exp* Biol, and Med. 110: 

273, 1962. 

18. Malbandov, A. V. The role of the endocrine system in the control 
of certain biological rhythms in birds. Ann. Hew York Acad. Sci. 

98: 91 o, 1982. 

19. Ogasawara, F. X., H. P. Van Krey, and F. W. Lorenz. Hydrogen ion 
concentration of the oviduct of the laying domestic fowl. Poultry Sci. 

Vj: 3, 1964. " 

20. Parker, J. E., F. F. McKenzie, and PI. L. Kempster. Fertility in the 
male domestic fowl. Mo. Agr. Exx>. St at. Res. Bull. 3^7 > 19^2. 



Romanoff , A* L., and A. J. Romanoff . The Avian Egg. Rev York: 

John Riley and Sons, Inc., 1949, p. 232. 

Schuster, A. On the investigation of hidden periodicities with 
application to a supposed 26 -day period of meteorological phenomena. 
Terrestrial Magnetism. 3: 13 7 1898 . 

Shiue, C. J., and II. L. Chin. Direct use of pH values in statistical 
analysis of soil reactions. Soil Sci. 84: 219, 1957* 

Simpson, S., and J. J. Galbraith. An investigation into the diurnal 
variation of the body temperature of nocturnal and other birds, and 
a few mammals. J. Physiol. 33 : 225 , I 9 O 5 . 

Sturkie, P. D. Avian physiology. Ithaca: Comstock Pub. Associates, 

1954 . 

Tanaka, K., and S. Nakajo. Cholinesterase in the diencephalon of 
the hen in relation to egg laying. Poultry Sci. 38 : 991; 1959* 

Tanaka, K., and S. Hakajo. Participation of neurohypophysical hormone 
in oviposit ion in the hen. Endocrinology. 70: 453; 1962 . 

van Tienhoven, A., A. V. Halbandov, and H. W. Iiorton. Effect of 
aibenamine on progesterone- induced and "spontaneous n ovulation in 
the hen. Endocrinology . 54: 605, 1954 • 

Wheeler, N. C., and F. If. Andrews. The influence of season on semen 
proauction in the domestic fowl. Poultry Sci. 22: 36 I; 1943- 

Wilcox, F. H., and C. S. Shaffner. Effect of differences in salt 
and hydrogen ion concentration on the fertilizing ability of avian 
sperm. J. A-p~pl. Physiol. 11: 429; 1957- 

Wilson, E. B. An introduction to scientific research. Hew York: 
McGraw-Hill Book Co., 1952 . 


II 


32* Winget, C. M., A. H* Smith, and G. N. Hoover. Arterio-venous 

differences in plasma calcium concentration in the shell gland of 
the laying hen during shell formation. Poultry Sci. 37(6)’ 1325” 

1328, 1958. 

33. Wolf son, A. Advances in neuroendocrinology , edited by A. V. Ualbandov. 
Ur'oana: Univ. of Illinois Press, 1963, p. ^02. 









•Table 4.- Serial Correlations of the mean hourly pH data 


Order of 
correlation 
k 


1 

+0 « 443 

2 

+0.197 

3 

+0.062 

4 

+0 . 010 

5 

-0.097 

6 

-0.251 

y 

-0.292 

8 

-0.182 

9 

-0 .066 

10 

-0.119 

11 

-0.054 

12 

-0.403 

13 

-0.329 

14 

+0.056 

15 

+ 0.411 

16 

+0 . 009 

IT 

-0.056 

18 

+0.031 

19 

+0.740 

20 

+0 . 10b 

21 

-0.328 

22 

+1.000 







FIGURE TITLES 


Fig. I. Diagram of the oviposition timing mechanism. 

Fig. 2. Schematic illustration of the electrode (Radiometer GK202k) 
fitted into the plastic egg for the purpose of measuring uterine pH. 

Fig. 3 . Plot of mean hourly uterine pH (circles) 12-term Fourier 
(broken line) and 6-term Fourier (smooth line) at specific times post- 
oviuosition. 


above: a, period ovum is in anterior magnumj b, period ovum is in 
posterior magnum; c, period ovum is in isthmus; d, period of active water 
and salt ' ’transport ey period: of active calcium deposition; d and e, period 
ovum is in uterus; f, time of oviposition; g, time of ovulation. Middle: 
h, low cholinestarase activity; i, minimal acid phosphatase, activity 
iy high -cholinesterase activity; k, low inorganic phosphatase; 1, maximal 
calcium level; m, maximal cholinesterase activity; n, maximal inorganic 
phosphate and maximal acid phosphatase activity; o, minimal calcium level; 
p, maximal cholinesterase activity- Refer to text for explanation. 

Fig. 4. The first three successive harmonics of the 12-terrn Fourier 
series in Fig. 3- The smooth line represents the first term, the broken 
line the second, and the crosshat ched the third. 

Fig. Two perio&ograms computed from the same mean uterine pH data. 

In one case (broken line) Dt = 2 ( 12 two-hour period observations), while 
in the other case (solid line) Dt = 1 ( 24 mean hourly observations). 

Fig. 6. Correlogram of data presented in Table 4. 
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